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that might neutralize the virus, including ma-
ternal antibodies, breast-feeding, interfering bac-
terial or viral agents, and malnutrition. In addi-
tion, although both vaccines protected against
the full range of serotypes in circulation in the
trial population, Rotarix was less efficacious
against the G2 strains, and it remains to be seen
how the vaccines will perform in settings where
nonvaccine serotypes are more prevalent. Both
vaccines will need to demonstrate their efficacy
in the difficult settings of developing countries
if we are to achieve our goal of maximally de-
creasing global deaths from diarrhea. Fortunate-
ly, trials of the Rotarix vaccine have begun in
South Africa and will start in Bangladesh and
Malawi in the near future. In their report on
Rotateq, the investigators indicate the need for
Merck to conduct similar trials in the develop-
ing world, but no definite plans have been an-
nounced.

Anticipating the results of these trials, the
Global Alliance for Vaccines and Immunization,
the World Health Organization, and the Bill and
Melinda Gates Foundation are encouraging and
supporting the accelerated introduction of rota-
virus vaccines in the poorest countries of the
world, where rotavirus remains a fatal disease.
Once the efficacy of these vaccines can be es-
tablished in these populations, mechanisms to
finance the introduction of vaccines, ensure a sus-
tainable and affordable supply of vaccines, and
expedite the introduction of these vaccines into
routine immunization programs should become
a global priority. The two reports in the Journal
document these very large trials, conducted be-
fore licensure, to demonstrate both the safety
and efficacy of these new vaccines against diar-
rhea, the second most common disease in chil-
dren. As vaccines become licensed and used in

the United States and Europe, we should expect
to see a substantial reduction in winter hospi-
talizations, visits to doctors and clinics, and par-
ents’ workdays lost due to childhood diarrhea.
With the successful introduction of rotavirus
vaccines in industrialized countries, the global
health community will be charged with expedit-
ing the availability of these lifesaving vaccines
at an affordable price in the developing world.
After a long period of waiting, the time for a
rotavirus vaccine may have finally arrived.
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Intraperitoneal Chemotherapy Comes of Age
Stephen A. Cannistra, M.D.

Patients with advanced epithelial ovarian cancer
typically receive intravenous taxane and platinum-
based chemotherapy in an attempt to eradicate
residual disease after surgical debulking. This
treatment yields overall median survivals of ap-
proximately 37 months in patients with subopti-
mally debulked disease (residual tumor, >1.0 cm

in diameter) and 49 months in those with opti-
mally debulked disease (residual tumor, <1.0 cm
in diameter).* Despite high response rates, in most
patients relapse occurs, and efforts to improve
treatment by escalating the doses of intravenous
chemotherapy have been largely unsuccessful.?
In contrast to intravenous drug administration,
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the intraperitoneal route is capable of achieving
high local concentrations of drugs such as cis-
platin, with generally acceptable systemic side
effects.? This strategy is particularly attractive in
the treatment of a disease such as ovarian cancer,
which remains largely restricted to the abdomi-
nal cavity for most of its natural history. The
pharmacologic advantage of the intraperitoneal
route for drugs such as cisplatin and paclitaxel is
considerable, with intraperitoneal-to-plasma con-
centration ratios in the range of more than 20
and 1000, respectively.* This route allows the es-
calation of the dose of chemotherapy to a level
that is not possible to achieve safely with intra-
venous drug administration.

In this issue of the Journal, Armstrong et al.’
report compelling evidence in support of intra-
peritoneal chemotherapy for patients with newly
diagnosed stage III, optimally debulked epithe-
lial ovarian cancer. Patients in the Gynecologic
Oncology Group (GOG) trial who had undergone
optimal debulking were randomly assigned to a
control group receiving intravenous paclitaxel
and intravenous cisplatin or to an experimental
group receiving intravenous paclitaxel on day 1,
intraperitoneal cisplatin on day 2, and intraperi-
toneal paclitaxel on day 8. With a median follow-
up of 50 months, there was a statistically signifi-
cant prolongation of median progression-free
survival and overall survival in the intraperito-
neal group (a benefit of 5.5 and 15.9 months,
respectively) associated with a reduction of 25
percent in the risk of death. A 15.9-month im-
provement in median overall survival is one of
the largest benefits ever observed for a new ther-
apy in gynecologic oncology.

Drugs delivered by the intraperitoneal route
penetrate only to a depth of a few millimeters
beneath the tumor surface.® Thus, patients with
relatively small-volume residual disease (i.e., opti-
mally debulked) are expected to benefit most
from this approach. However, even small-volume
tumor implants may extend well beneath the
peritoneal surface, and patients with stage III
disease frequently have metastases at other sites,
such as retroperitoneal lymph nodes.” Eradica-
tion of disease in such sanctuaries requires che-
motherapy that is delivered through the blood-
stream. In this regard, a substantial fraction of
cisplatin administered by the intraperitoneal
route will eventually be absorbed systemically.?
It follows that the administration of intraperito-

neal cisplatin on day 2 in the GOG trial accom-
plishes two important goals: the achievement of
high drug concentrations within the peritoneal
cavity and the systemic delivery of the drug to
hidden sites of disease outside the abdomen. In
contrast to cisplatin, however, paclitaxel is poor-
ly absorbed into the systemic circulation when
administered by the intraperitoneal route. For
this reason, the GOG trial was designed to in-
clude both intravenous paclitaxel on day 1 and
intraperitoneal paclitaxel on day 8, to ensure ad-
equate systemic delivery of the drug while at the
same time achieving high drug concentrations
within the peritoneal cavity.

The side effects of intraperitoneal chemother-
apy included a high incidence of catheter-related
complications, abdominal pain, metabolic abnor-
malities, and neuropathy. Almost half the pa-
tients received only three or fewer intraperitoneal
courses because of toxic effects, often catheter-
related (e.g., infection, blockage, or leak), and
only 42 percent of the patients completed six
cycles of the planned intraperitoneal therapy. Pa-
tients who underwent resection of the left side
of the large bowel during the initial debulking
surgery were less likely to begin intraperitoneal
treatment.® Patients removed from the intraperi-
toneal group were generally able to complete a
total of six cycles of first-line chemotherapy by
switching to conventional intravenous adminis-
tration for the remainder of the treatment. It is
remarkable that such a clinically meaningful sur-
vival advantage was observed, despite the high
attrition rate in the intraperitoneal group, sug-
gesting that a substantial benefit from intra-
peritoneal chemotherapy may occur within the
first several cycles of treatment. Although this
hypothesis is provocative, the relationship be-
tween the number of intraperitoneal cycles re-
ceived and the magnitude of the benefit can be
assessed only in a randomized trial.

Many efforts to improve the tolerability of
intraperitoneal therapy could be considered, in-
cluding reduction of the dose of intraperitoneal
cisplatin on day 2, administration of intravenous
paclitaxel on day 1 over 3 hours instead of 24
hours, or omission of intraperitoneal paclitaxel
on day 8 until tolerance of the first cycle of in-
traperitoneal cisplatin can be assessed. Although
these measures are reasonable, it is unknown
whether they will reduce the toxic effects and
still preserve the benefits of the intraperitoneal
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approach. The intraperitoneal placement of a
single-lumen venous-access device attached to
a subcutaneous port may also be preferable,
as this device appears to have a lower tendency to
fibrous-sheath formation or the development of
a bowel obstruction, as compared with fenes-
trated catheters.® Although there is also interest
in the use of intraperitoneal carboplatin instead
of intraperitoneal cisplatin, in the hope of re-
ducing toxic effects while preserving efficacy.'®
Although there is a pharmacologic advantage to
intraperitoneal carboplatin, it is not known
whether carboplatin is as effective as cisplatin
when administered by the intraperitoneal route.
This important question can be addressed only
in a randomized trial.

The results of the GOG trial, taken together
with data from two other randomized trials,*112
will influence clinical practice. It will now be
appropriate for physicians to discuss intraperi-
toneal therapy with selected patients who have
newly diagnosed, optimally debulked disease,
making certain that these patients have a clear
understanding of the benefits as well as the
greater risk of side effects. Unlike the introduc-
tion of a new drug into patient care, however, the
use of intraperitoneal therapy requires a new set
of logistics for clinical practice. These include
the need to schedule catheter placement (unless
this was performed during the initial surgery)
and multiple treatment visits as well as the need
to provide intensive physician and nursing sup-
port for managing infusion-related abdominal
pain and infections at the catheter site. With the
assistance of a skilled oncology nursing staff, it
should eventually be possible for many oncolo-
gists to administer the GOG regimen, or a modi-
fication of it, effectively. However, as is the case
with any specialized technique, in the short term
physicians unfamiliar with intraperitoneal ther-
apy might consider referring appropriate patients
to centers with expertise in this procedure.

As anticipated on the basis of the toxicity
profile, the intraperitoneal regimen used in the
GOG trial is associated with a reduced quality
of life during the therapy and shortly after its
completion, but there was a return to baseline
one year after completion.> Given the survival
advantage of the treatment, many patients will

be willing to undergo intraperitoneal therapy,
even after being informed of its short-term ef-
fects on the quality of life, and others will not
be willing to do so. For these reasons, the deci-
sion to use intraperitoneal chemotherapy should
be individualized. Despite increased toxic effects
and the more complicated logistics of drug ad-
ministration, the data from the GOG trial estab-
lish intraperitoneal chemotherapy as an impor-
tant advance in the first-line treatment of patients
with optimally debulked stage III disease.

From the Beth Israel Deaconess Medical Center and Harvard
Medical School — both in Boston.

1. Cannistra SA. Cancer of the ovary. N Engl ] Med 2004;351:
2519-29.

2. McGuire WP I1I. High-dose chemotherapeutic approaches to
ovarian cancer management. Semin Oncol 2000;27:Suppl 7:41-6.

3. Howell SB, Pfeifle CL, Wung WE, et al. Intraperitoneal cis-
platin with systemic thiosulfate protection. Ann Intern Med
1982;97:845-51.

4. Rothenberg ML, Liu PY, Braly PS, et al. Combined intraperi-
toneal and intravenous chemotherapy for women with optimally
debulked ovarian cancer: results from an intergroup phase II
trial. J Clin Oncol 2003;21:1313-9.

5. Armstrong DK, Bundy B, Wenzel L, et al. Intraperitoneal
cisplatin and paclitaxel in ovarian cancer. N Engl ] Med
20006;354:34-43.

6. Los G, Mutsaers PH, Lenglet W], Baldew GS, McVie JG. Plat-
inum distribution in intraperitoneal tumors after intraperito-
neal cisplatin treatment. Cancer Chemother Pharmacol 1990;25:
389-94.

7. Benedetti-Panici P, Greggi S, Maneschi F, et al. Anatomical
and pathological study of retroperitoneal nodes in epithelial
ovarian cancer. Gynecol Oncol 1993;51:150-4.

8. Walker JL, Armstrong D, Huang HQ, et al. Intraperitoneal
catheter outcomes in a phase 111 trial of intravenous versus intra-
peritoneal chemotherapy in optimal stage III ovarian and pri-
mary peritoneal cancer: a Gynecologic Oncology Group study.
Gynecol Oncol 2006;100:27-32.

9. Alberts DS, Markman M, Armstrong D, Rothenberg ML,
Muggia F, Howell SB. Intraperitoneal therapy for stage III ovar-
ian cancer: a therapy whose time has come! J Clin Oncol 2002;
20:3944-6.

10. Fujiwara K, Sakuragi N, Suzuki S, et al. First-line intraperi-
toneal carboplatin-based chemotherapy for 165 patients with
epithelial ovarian carcinoma: results of long-term follow-up.
Gynecol Oncol 2003;90:637-43. [Erratum, Gynecol Oncol 2003;
91:662.]

11. Markman M, Bundy BN, Alberts DS, et al. Phase III trial of
standard-dose intravenous cisplatin plus paclitaxel versus mod-
erately high-dose carboplatin followed by intravenous paclitaxel
and intraperitoneal cisplatin in small-volume stage III ovarian
carcinoma: an intergroup study of the Gynecologic Oncology
Group, Southwestern Oncology Group, and Eastern Cooperative
Oncology Group. J Clin Oncol 2001;19:1001-7.

12. Alberts DS, Liu PY, Hannigan EV, et al. Intraperitoneal cis-
platin plus intravenous cyclophosphamide versus intravenous
cisplatin plus intravenous cyclophosphamide for stage III ovar-
ian cancer. N Engl ] Med 1996;335:1950-5.

Copyright © 2006 Massachusetts Medical Society.

N ENGLJ MED 354;1 WWW.NEJM.ORG JANUARY 5, 2006

79





